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また，我が国の人口についてであるが，平成 24年 10 月 1日現在の日本の総人口
3 
 
は 1 億 2751 万 5 千人で，前年に比べ 28 万 4 千人（0.22％）減少しており，2 年連
続で大きな減少となっている[10]．さらに今後，総人口は 2048年（平成 60 年）に
は 1 億人を割って 9,913 万人となり，2060 年（平成 72 年）には 8,674 万人になる
ものと見込まれている．また，生産年齢人口（15～64 歳の人口）は 2010年（平成
22 年）の 63.8％から減少を続け，2017 年（平成 29 年）には 60％台を割った後，
2060年（平成 72 年）には 50.9％となるのに対し，高齢人口（65歳以上の人口）は，
2010 年（平成 22 年）の 2,948 万人から，団塊の世代及び第二次ベビーブーム世代
が高齢人口に入った後の 2042年（平成 54年）に 3,878 万人とピークを迎え，その
後は一貫して減少に転じる．そのため，高齢化率（高齢人口の総人口に対する割合）
は，2013年（平成 25 年）には 25.1％で 4人に 1人を上回り，50年後の 2060 年（平






は，特に政策努力を行わない場合，医療給付費は 2015 年度までには 40兆円，2025
年度には 56兆円に達する見込みである[12]．また，平成 22年度の脳血管障害全体















































































































































表（Physical Activity Assessment Scale: PAAS）[36]があるが，日常生活などの低強度


















































































































































































センサユニット内には 3軸加速度センサ（LSM303DLH ST, Microelectronics），3
軸ジャイロセンサ（ITG-3200, InvenSense），Bluetooth を用いた無線モジュール
（ZEAL-C02, ADC Technology），計測データを保存するための micro SD カード
（SDXC カードを除く），バッテリ （ーLI-348SP, S.T.L.JAPAN, 480mAh），加速度・
ジャイロセンサから得られたデータをそれぞれ加速度・角速度に変換するための
CPU（dsPIC33F, Microchip Technology）を搭載している（Fig. 2-2，Table. 2-1）．セ








後，3 つのセンサユニットをバンドで一体にして 90 度傾ける．計測終了後，加速













（41x51x14.5 mm, 28 g）
 Accelerometer (3 axes)/Static posture
 Gyro-sensor (3 axes)/Dynamic posture
 Transmitter (Bluetooth, Ver. 2, Class 2)
Memory (micro SD card)
 CPU, AD converter (10 bit, 25 Hz)
 Battery (3.7 V, 480 mAh)/Real time 
recording: 6 h, off-line recording: 11 h
Smart phone
or Tablet PC
Sensor unit holder 
(Trunk)
(Thigh and shank)




































































Linear Acceleration Sensitivity 0.1 deg/s/g
0.38 deg/s-rms
0.03 deg/s√Hz
30 33 36 kHz
27 30 33 kHz

















VLOGIC must be ≤VDD at
all times
Monotonic ramp. Ramp rate
is 10% to 90% of the final
value (see Figure in Section 4.4)
Normal Operating Current
Sleep Mode Current 
Operating Voltage Range
VDD POWER SUPPLY
Monotonic ramp. Ramp rate
is 10% to 90% of the final
value (see Figure in Section 4.4)
to ±1º/s of Final
-6 +6
Between any two axes
DLPFCFG=0 
Sine wave, 100mVpp; VDD=2.2V





Best fit straight line; 25°C
-40°C to +85°C













ZRO Variation Over Temperature
Power-Supply Sensitivity (1-10Hz)
Power-Supply Sensitivity (10 - 250Hz)














Gyro ADC Word Length
Sensitivity Scale Factor
Sensitivity Scale Factor Tolerance 
Table. 2-1  The datasheet of the used sensor  
(a) Accelerometer, (b) Gyroscope sensor 
  
(a)  加速度センサ：LSM303DLH ST Microelectronics 社製 
Electrical Characteristics 

































(ｂ)  ジャイロセンサ：ITG-3200 InvenSense 社製 























Current consumption in normal mode
Current consumption in powerdown mode
mA
μA







 FS bit set to 00
FS bit set to 00 X axis
FS bit set to 00 Y axis
FS bit set to 00
FS bit set to 00








zero-g level offset accuracy








FS bit set to 00
12 bit representation
FS bit set to 01
12 bit representation






gLinear acceleration measurement range
FS bit set to 00 
FS bit set to 01  









51-53]．なお，Fig. 2-3 に本システムで解析を行う角度の定義を示した． 
 次に，得られた角度を用いて，歩行，起立・着座，座位，臥位，立位に判別する．








































































































Calculation of angle to the gravitational direction θtr, θth and θsh
using X-axis and Y-axis output of accelerometer (DC~0.5Hz) 
Walking
Standing












θth,top - θth,bottom > 40 deg












θth,top1 - θth,bottom1 > 5 deg & θth,top2 - θth,bottom1 > 5 deg




Detection of θth, top - θth,bottom .Tth,top ,Tth,bottom
60<θtr<180 or
-180<θtr<-70 and 0< θth <180
-90<θtr<0 
















Fig.2-4 Algorithm of posture discrimination 
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Heel contact Heel off


























































a) Measurement data which are saved in a micro SD card attached in sensor unit
HC：Heal contact
HO：Heal off
b) The files which are made by analysis program
Fig.2-9 The files which are made by wearable posture & gait monitoring system
 
 
a) Me surement data which are saved in a micro SD card attached in sensor unit
HC：Heal contact
HO：Heal off
b) The files which are made by nalysis program


















































３‐２ 対象  
 2009 年 5 月～2010 年 3 月に藤元早鈴病院（現・藤元総合病院）回復期リハビリ
テーション病棟に入院中の脳血管障害者 150名のうち，自宅退院が決定しており同
意が得られた 13名を対象とした（Table. 3-1）．日常生活下における姿勢割合の定量
評価は，全対象者 13 名のうち，歩行が介助レベルであった Case 1 を除く 12 名を
対象とした．内訳は，男性 8名，女性 4名，平均年齢は 67.7±10.1 歳であった． 
次に，LSAとの同時比較検討による定量的身体活動評価は，全対象者 13 名のう
ち，著明な麻痺を認めない Case 7 を除く 12 名を対象とした．内訳は，男性 8 名，









Table. 3-1 Subject details






The period from the
onset of a disease to
leaving hospital
Case1 68 Male Cerebral infarction Right aphasia, apraxia care 156
Case2 76 Male Cerebral embolism Left none Independence 91
Case3 65 Male Cerebral infarction Left none Independence 95
Case4 79 Female Cerebral infarction Left none Independence 94
Case5 69 Male Cerebral infarction Right none Independence 148
Case6 45 Male Cerebral bleeding Left agnosia monitoring 228
Case7 56 Male Multiple cerebral infarction perkinsonism none Independence 192
Case8 72 Male Cerebral bleeding Left agnosia Independence 114
Case9 79 Female Cerebral infarction Left agnosia Independence 155
Case10 65 Male Subarachnoid hemorrhage Both none Independence 36
Case11 61 Male Hypertensive intracerebral hemorrhage Left none Independence 136
Case12 70 Female Subarachnoid hemorrhage Left agnosia Independence 152





















３‐３ 方法  
在宅移行期における，対象者の身体活動計測・評価方法について以下に示す．本
システムでの計測及び LSA の評価については，入院中に院内で 1 回，退院後に自






















































退院直後～退院 3 ヶ月後）の比較，退院直後とそれ以降（退院 1 ヶ月後～退院 3
ヶ月後）の比較を実施した．分析は，反復測定分散分析により行い，分散分析の結
果において水準間に差が認められたものにおいて，その差の検証を多重比較検定に
より行った．なお，上記における統計的有意水準は 5％未満とした．  
 
























までの 5段階合計で 0点から 120点の範囲をとる．その総合得点が高い値ほど，生
活空間が広いことを示す[76-77]． 




(B)  臥位，座位，歩行，起立・着座，立位それぞれの姿勢変化の回数： 
体を動かし，姿勢状態を変化させている頻度による活動性評価  
(C) 歩数：日常生活中の歩行量を評価 
(D) 歩行回数：数多く歩行の機会を持てているか評価  
(E) 歩行中の麻痺側下肢立脚時の移動距離：歩行における麻痺側下肢の実質的 
な移動距離の向上がみられるか評価  
(F) 平均歩行速度：歩行動作能力について，推進力の維持・向上を評価  



















出された身体活動の各指標と LSA 得点の計測時期毎の相関を，Spearman の順位相
関係数を用いて分析した．統計的有意水準は 5％未満とし，統計処理には XLSTAT 






























































































































































    
   





















































































































































Fig. 3-3 Judgment algorithm of physical activity based on the 
wearable monitoring system


























Frequency of posture 
change increases
and
amount of gait and 
gait speed 
decreases
One of “C, D, E”
increase or keep
（“C, D, E”≧1）
All of “A, B, C, D, E“
is less than +-10%










Yes "↓" is added to a
judgment of





B: Frequency of posture change (time)
D: Frequency of gait (time)
E: Movement distance from heel   
contact toe off paralyzed side (m)
F: Average walking speed (m/s)










from heel   














































































 ３‐４‐１ 姿勢割合の計測・解析結果 
Fig. 3-4～Fig. 3-8に 12 名の対象者の，本システムによる各姿勢・活動時間の結果
を示す． 
1)  臥位時間の計測結果（Fig. 3-4） 
臥位の平均時間及び標準偏差は，入院中：29.6±21.8 分，退院直後：3.9±11.8 分，
退院 1ヶ月後：1.9±3.7 分，退院 2ヶ月後：10.7±23.7 分，退院 3ヶ月後：4.6±8.4 分
となった．入院中と退院後の比較においては，入院中と退院直後，退院 1ヶ月後（









































































































































































































































Fig. 3-8 Result of each posture time accumulated time for 











































Fig. 3‐9  Transition of posture discrimination of case 4
11:00
In hospital
After 1 month 
After 2 months 















After 1 month 
After 2 months 







 ３‐４‐２ 身体活動の計測・解析結果 









177.4±121.4 回，退院 1 ヶ月後：174.6±96.7 回，退院 2 ヶ月後：235.8±135.2 回，退




歩，退院 3ヶ月後：1145.5±1230.1 歩となった． 
4）歩行回数（Fig. 3-14） 
歩行状態の指標である，歩行回数の平均値及び標準偏差は，入院中：11.3±8.1 回，














退院直後：16.1±9.5 点，退院 1 ヶ月後：17.9±9.5 点，退院 2 ヶ月後：20.4±9.1 点，









である（※）が 2 名であった．また，LSA の得点については，全ての対象者にお
いて，維持あるいは向上しており，維持が 2名，向上が 10名であった． 
次に，退院直後と比較した退院 1 ヶ月後の結果は，身体活動向上（◎）が 8 名，
身体活動維持（○）が 1名，身体活動低下はあるものの，歩行量維持・増加は認め
られる（△）が 3 名であった．なお，身体活動向上の 8 名のうち 2 名は，LSA 得
点の低下も認められ，それ以外については維持が 4名，向上が 6名であった． 
また，同様に退院 2ヶ月後の比較結果は，身体活動向上（◎）が 8 名，身体活動
低下（×）が 2 名，身体活動低下はあるものの，歩行量維持・増加は認められる（△）
が 1名，姿勢変化の回数増加はあるものの，歩行量・歩行速度は低下し注意が必要
である（※）が 1 名であった．なお，身体活動向上の 8 名のうち 1 名は LSA 得点




意が必要である（※）が 1 名であった．なお，この際の LSA 得点は，全ての対象
者において維持あるいは向上しており，維持が 2名，向上が 10名であった． 
 










後に LSAや本システムによる活動判定結果が維持・向上する例（Case 2; Fig. 3-19, 
Table. 3-5），退院直後に LSAが若干向上し，その後大きく変化しないものの，退院
直後から退院後 3ヶ月においては，本システムによる判定結果が維持・向上する例
（Case 6; Fig. 3-23, Table. 3-9），同様に退院以降の LSA は大きく変化せず，かつ本
システムによる判定結果の向上もみられない例（Case 9; Fig. 3-25, Table. 3-11）の 3
例について，詳細な分析結果を述べる．  






判定された．その後，退院 3 ヶ月後は，LSA と本システムの全ての指標が向上す
る結果となり，判定結果は身体活動向上（◎）と判定された．  







一方 Case 9 に関しては，Case 6 と同様に退院直後に LSA得点が向上し，退院 1





































Fig. 3-11 Results of evaluation for physical activities obtained from the


































Fig. 3-12 Results of evaluation for physical activities obtained from the 
wearable system for frequency of posture change in 12 subjects 

































Fig. 3-13 Results of evaluation for physical activities obtained from the 


































Fig. 3-14 Results of evaluation for physical activities obtained from the 




































Fig. 3-15 Results of evaluation for physical activities obtained from the 
wearable system for movement distance from heel contact toe off                





































Fig. 3-16 Results of evaluation for physical activities obtained from the 



































Fig. 3-17 Results of evaluation for range of activity obtained from 



























































































Fig. 3-18 Transition of physical activity of case 1
Case 1
Comprehensive
judgment of  
physical activity 
Steps (steps) 
*The value of a graph is 1/10. 
Ratio of standing and walking (%)
LSA score (score)
Frequency of gait (time)
*The value of a graph is x10. 
Movement distance of  lower limbs  
of a paralyzed side (m)
Average walking speed (m/s) 
*The value of a graph is x100. 





































































































































































































Fig. 3-19 Transition of physical activity of case2
Case 2
Comprehensive
judgment of  
physical activity 
Steps (steps) 
*The value of a graph is 1/10. 
Ratio of standing and walking (%)
LSA score (score)
Frequency of gait (time)
*The value of a graph is x10. 
Movement distance of  lower limbs  
of a paralyzed side (m)
Average walking speed (m/s) 
*The value of a graph is x100. 





































































































































































































Fig. 3-20 Transition of physical activity of case 3
Case 3
Comprehensive
judgment of  
physical activity 
Steps (steps) 
*The value of a graph is 1/10. 
Ratio of standing and walking (%)
LSA score (score)
Frequency of gait (time)
*The value of a graph is x10. 
Movement distance of  lower limbs  
of a paralyzed side (m)
Average walking speed (m/s) 
*The value of a graph is x100. 





































































































































































































Fig. 3-21 Transition of physical activity of case 4
Case 4
Comprehensive
judgment of  
physical activity 
Steps (steps) 
*The value of a graph is 1/10. 
Ratio of standing and walking (%)
LSA score (score)
Frequency of gait (time)
*The value of a graph is x10. 
Movement distance of  lower limbs  
of a paralyzed side (m)
Average walking speed (m/s) 
*The value of a graph is x100. 





































































































































































































Fig. 3-22 Transition of physical activity of case 5
Case 5
Comprehensive
judgment of  
physical activity 
Steps (steps) 
*The value of a graph is 1/10. 
Ratio of standing and walking (%)
LSA score (score)
Frequency of gait (time)
*The value of a graph is x10. 
Movement distance of  lower limbs  
of a paralyzed side (m)
Average walking speed (m/s) 
*The value of a graph is x100. 





































































































































































































Fig. 3-23 Transition of physical activity of case 6
Case 6
Comprehensive
judgment of  
physical activity 
Steps (steps) 
*The value of a graph is 1/10. 
Ratio of standing and walking (%)
LSA score (score)
Frequency of gait (time)
*The value of a graph is x10. 
Movement distance of  lower limbs  
of a paralyzed side (m)
Average walking speed (m/s) 
*The value of a graph is x100. 





































































































































































































Fig. 3-24 Transition of physical activity of case 8
Case 8
Comprehensive
judgment of  
physical activity 
Steps (steps) 
*The value of a graph is 1/10. 
Ratio of standing and walking (%)
LSA score (score)
Frequency of gait (time)
*The value of a graph is x10. 
Movement distance of  lower limbs  
of a paralyzed side (m)
Average walking speed (m/s) 
*The value of a graph is x100. 





































































































































































































Fig. 3-25 Transition of physical activity of case 9
Case 9
Comprehensive
judgment of  
physical activity 
Steps (steps) 
*The value of a graph is 1/10. 
Ratio of standing and walking (%)
LSA score (score)
Frequency of gait (time)
*The value of a graph is x10. 
Movement distance of  lower limbs  
of a paralyzed side (m)
Average walking speed (m/s) 
*The value of a graph is x100. 





































































































































































































Fig. 3-26 Transition of physical activity of case 10
Case 10
Comprehensive
judgment of  
physical activity 
Steps (steps) 
*The value of a graph is 1/10. 
Ratio of standing and walking (%)
LSA score (score)
Frequency of gait (time)
*The value of a graph is x10. 
Movement distance of  lower limbs  
of a paralyzed side (m)
Average walking speed (m/s) 
*The value of a graph is x100. 




































































































































































































Fig. 3-27 Transition of physical activity of case 11
Case 11
Comprehensive
judgment of  
physical activity 
Steps (steps) 
*The value of a graph is 1/10. 
Ratio of standing and walking (%)
LSA score (score)
Frequency of gait (time)
*The value of a graph is x10. 
Movement distance of  lower limbs  
of a paralyzed side (m)
Average walking speed (m/s) 
*The value of a graph is x100. 





































































































































































































Fig. 3-28 Transition of physical activity of case 12
Case 12
Comprehensive
judgment of  
physical activity 
Steps (steps) 
*The value of a graph is 1/10. 
Ratio of standing and walking (%)
LSA score (score)
Frequency of gait (time)
*The value of a graph is x10. 
Movement distance of  lower limbs  
of a paralyzed side (m)
Average walking speed (m/s) 
*The value of a graph is x100. 





































































































































































































Fig. 3-29 Transition of physical activity of case 13
Case 13
Comprehensive
judgment of  
physical activity 
Steps (steps) 
*The value of a graph is 1/10. 
Ratio of standing and walking (%)
LSA score (score)
Frequency of gait (time)
*The value of a graph is x10. 
Movement distance of  lower limbs  
of a paralyzed side (m)
Average walking speed (m/s) 
*The value of a graph is x100. 
































































































































































































Table. 3-4 Results of evaluation for physical activities obtained from the wearable    
system and the score of Life-Space Assessment, LSA, in Case 1. The 
definition of A~G and the  notation of activities judgment are shown in     
Fig. 2. The each value in ‘‘Leaving hospital’’ are compared with ‘‘In          
hospital’’. The each value in ‘‘After 1 manth’’, ‘‘After 2 month’’, and  
‘‘After 2 month’’ are also compared with ‘‘leaving hospital’’. Their  
increase and decrease are shown as denotation of (↑) and (↓). Especially  
in F, the falls of the walking speed of 30% or more are shown as (↓).
Case 1
In hospital Leaving hospital After 1 month After 2 months After 3 months
A (%) 22.9 1.9 ＜↓＞ 59.2 (↑) 10.4 (↑) 0 (↓)
B (time) 145 52 ＜↓＞ 51 (→) 90 (↑) 0 (↓)
C (steps) 184 32 ＜↓＞ 84 (↑) 112 (↑) 0 (↓)
D (time) 2 0 ＜↓＞ 1 (↑) 0 (→) 0 (→)
E (m) 2.12 1.3 ＜↓＞ 0.96 (↓) 1.2 (→) 0 (↓)
F (m/s) 0.04±0.02 0.11±0.05 0.1±0.05 0.11±0.13 －
G (score) 4 4 ＜→＞ 7 (↑) 7 (↑) 7 (↑)



















Table. 3-5 Results of evaluation for physical activities obtained from the wearable    
system and the score of Life-Space Assessment, LSA, in Case 2. The 
definition of A~G and the  notation of activities judgment are shown in     
Fig. 2. The each value in ‘‘Leaving hospital’’ are compared with ‘‘In          
hospital’’. The each value in ‘‘After 1 manth’’, ‘‘After 2 month’’, and  
‘‘After 2 month’’ are also compared with ‘‘leaving hospital’’. Their  
increase and decrease are shown as denotation of (↑) and (↓). Especially  
in F, the falls of the walking speed of 30% or more are shown as (↓).
Case 2
In hospital Leaving hospital After 1 month After 2 months After 3 months
A (%) 48.1 8 ＜↓＞ 65.8 (↑) 24.9 (↑) 65.9 (↑)
B (time) 176 181 ＜→＞ 255 (↑) 388 (↑) 253 (↑)
C (steps) 1158 228 ＜↓＞ 1262 (↑) 682 (↑) 3740 (↑)
D (time) 15 9 ＜↓＞ 13 (↑) 11 (↑) 10 (↑)
E (m) 126.96 15.05 ＜↓＞ 42.46 (↑) 54.18 (↑) 417.09 (↑)
F (m/s) 0.55±0.22 0.28±0.15 ＜↓＞ 0.35±0.17 0.35±0.21 0.45±0.17
G (score) 6 24 ＜↑＞ 12 (↓) 20 (↓) 36 (↑)



















Table. 3-6 Results of evaluation for physical activities obtained from the wearable    
system and the score of Life-Space Assessment, LSA, in Case 3. The 
definition of A~G and the  notation of activities judgment are shown in     
Fig. 2. The each value in ‘‘Leaving hospital’’ are compared with ‘‘In          
hospital’’. The each value in ‘‘After 1 manth’’, ‘‘After 2 month’’, and  
‘‘After 2 month’’ are also compared with ‘‘leaving hospital’’. Their  
increase and decrease are shown as denotation of (↑) and (↓). Especially  
in F, the falls of the walking speed of 30% or more are shown as (↓).
Case 3
In hospital Leaving hospital After 1 month After 2 months After 3 months
A (%) 6.7 68.1 ＜↑＞ 25.4 (↓) 24.3 (↓) 17.4 (↓)
B (time) 123 203 ＜↑＞ 214 (→） 72 (↓) 50 (↓)
C (steps) 318 5146 ＜↑＞ 1938 (↓) 1674 (↓) 1600 (↓)
D (time) 3 9 ＜↑＞ 9 (→) 13 (↑) 4 (↓)
E (m) 47.04 529.34 ＜↑＞ 275.41 (↓) 151.29 (↓) 257.5 (↑)
F (m/s) 0.5±0.25 0.66±0.19 0.54±0.2 0.34±0.12 (↓) 0.4±0.14 (↓)
G (score) 6 32 ＜↑＞ 34 (→) 34 (→) 34 (→)



















Table. 3-7 Results of evaluation for physical activities obtained from the wearable    
system and the score of Life-Space Assessment, LSA, in Case 4. The 
definition of A~G and the  notation of activities judgment are shown in     
Fig. 2. The each value in ‘‘Leaving hospital’’ are compared with ‘‘In          
hospital’’. The each value in ‘‘After 1 manth’’, ‘‘After 2 month’’, and  
‘‘After 2 month’’ are also compared with ‘‘leaving hospital’’. Their  
increase and decrease are shown as denotation of (↑) and (↓). Especially  
in F, the falls of the walking speed of 30% or more are shown as (↓).
Case 4
In hospital Leaving hospital After 1 month After 2 months After 3 months
A (%) 69.5 24.3 ＜↓＞ 48.1 (↑) 73.8 (↑) 56.9 (↑)
B (time) 142 221 ＜↑＞ 316 (↑) 322 (↑) 529 (↑)
C (steps) 1492 1034 ＜↓＞ 2258 (↑) 2796 (↑) 2626 (↑)
D (time) 15 13 ＜↓＞ 14 (→) 15 (↑) 62 (↑)
E (m) 191.97 49.32 ＜↓＞ 183.12 (↑) 159.45 (↑) 31.85 (↓)
F (m/s) 0.43±0.23 0.28±0.18 ＜↓＞ 0.54±0.28 0.41±0.26 0.34±0.24
G (score) 6 12 ＜↑＞ 29 (↑) 29 (↑) 29 (↑)











Table. 3-8 Results of evaluation for physical activities obtained from the wearable    
system and the score of Life-Space Assessment, LSA, in Case 5. The 
definition of A~G and the  notation of activities judgment are shown in     
Fig. 2. The each value in ‘‘Leaving hospital’’ are compared with ‘‘In          
hospital’’. The each value in ‘‘After 1 manth’’, ‘‘After 2 month’’, and  
‘‘After 2 month’’ are also compared with ‘‘leaving hospital’’. Their  
increase and decrease are shown as denotation of (↑) and (↓). Especially  
in F, the falls of the walking speed of 30% or more are shown as (↓).
Case 5
In hospital Leaving hospital After 1 month After 2 months After 3 months
A (%) 16.9 0 ＜↓＞ 0 (→) 8 (↑) 0 (→)
B (time) 602 17 ＜↓＞ 17 (→) 99 (↑) 3 (↓)
C (steps) 820 0 ＜↓＞ 0 (→) 66 (↑) 0 (→)
D (time) 6 0 ＜↓＞ 0 (→) 2 (↑) 0 (→)
E (m) 49.03 0 ＜↓＞ 0 (→) 1.69 (↑) 0 (→)
F (m/s) 0.38±0.31 － 0.22±0.13 － 0.23±0.14
G (score) 6 8 ＜↑＞ 12 (↑) 12 (↑) 12 (↑)



















Table. 3-9 Results of evaluation for physical activities obtained from the wearable    
system and the score of Life-Space Assessment, LSA, in Case 6. The 
definition of A~G and the  notation of activities judgment are shown in     
Fig. 2. The each value in ‘‘Leaving hospital’’ are compared with ‘‘In          
hospital’’. The each value in ‘‘After 1 manth’’, ‘‘After 2 month’’, and  
‘‘After 2 month’’ are also compared with ‘‘leaving hospital’’. Their  
increase and decrease are shown as denotation of (↑) and (↓). Especially  
in F, the falls of the walking speed of 30% or more are shown as (↓).
Case 6
In hospital Leaving hospital After 1 month After 2 months After 3 months
A (%) 14.6 0.5 ＜↓＞ 1.3 (↑) 10 (↑) 12 (↑)
B (time) 155 72 ＜↓＞ 43 (↓) 245 (↑) 150 (↑)
C (steps) 310 4 ＜↓＞ 10 (↑) 330 (↑) 744 (↑)
D (time) 7 0 ＜↓＞ 2 (↑) 2 (↑) 16 (↑)
E (m) 15.74 0 ＜↓＞ 0.4 (↑) 8.68 (↑) 482.9 (↑)
F (m/s) 0.15±0.08 0.04±0.02 ＜↓＞ 0.08±0.06 0.11±0.11 0.14±0.16
G (score) 6 8 ＜↑＞ 8 (→) 11 (↑) 11 (↑)



















Table. 3-10 Results of evaluation for physical activities obtained from the wearable    
system and the score of Life-Space Assessment, LSA, in Case 8. The 
definition of A~G and the  notation of activities judgment are shown in     
Fig. 2. The each value in ‘‘Leaving hospital’’ are compared with ‘‘In          
hospital’’. The each value in ‘‘After 1 manth’’, ‘‘After 2 month’’, and  
‘‘After 2 month’’ are also compared with ‘‘leaving hospital’’. Their  
increase and decrease are shown as denotation of (↑) and (↓). Especially  
in F, the falls of the walking speed of 30% or more are shown as (↓).
Case 8
In hospital Leaving hospital After 1 month After 2 months After 3 months
A (%) 8.1 27.4 ＜↑＞ 34.2 (↑) 31.5 (↑) 15 (↓)
B (time) 108 131 ＜↑＞ 267 (↑) 172 (↑) 139 (→)
C (steps) 404 1004 ＜↑＞ 1010 (→) 1324 (↑) 286 (↓)
D (time) 7 17 ＜↑＞ 9 (↓) 7 (↓) 12 (↓)
E (m) 91.1 129 ＜↑＞ 100.41 (↓) 96.06 (↓) 22.87 (↓)
F (m/s) 0.27±0.09 0.23±0.11 0.23±0.16 0.26±0.18 0.31±0.18
G (score) 6 17 ＜↑＞ 22 (↑) 21 (↑) 22 (↑)



















Table. 3-11 Results of evaluation for physical activities obtained from the wearable    
system and the score of Life-Space Assessment, LSA, in Case 9. The 
definition of A~G and the  notation of activities judgment are shown in     
Fig. 2. The each value in ‘‘Leaving hospital’’ are compared with ‘‘In          
hospital’’. The each value in ‘‘After 1 manth’’, ‘‘After 2 month’’, and  
‘‘After 2 month’’ are also compared with ‘‘leaving hospital’’. Their  
increase and decrease are shown as denotation of (↑) and (↓). Especially  
in F, the falls of the walking speed of 30% or more are shown as (↓).
Case 9
In hospital Leaving hospital After 1 month After 2 months After 3 months
A (%) 24 14.1 ＜↓＞ 9 (↓) 1.8 (↓) 10 (↓)
B (time) 389 218 ＜↓＞ 157 (↓) 161 (↓) 255 (↑)
C (steps) 1204 696 ＜↓＞ 138 (↓) 100 (↓) 250 (↓)
D (time) 8 8 ＜→＞ 10 (↑) 4 (↓) 5 (↓)
E (m) 68.05 34.69 ＜↓＞ 13.8 (↓) 4.08 (↓) 17.44 (↓)
F (m/s) 0.38±0.16 0.31±0.21 0.39±0.37 0.38±0.34 0.16±0.16 ( ↓)
G (score) 4 10 ＜↑＞ 10 (→) 13 (↑) 14 (↑)



















Table. 3-12 Results of evaluation for physical activities obtained from the wearable    
system and the score of Life-Space Assessment, LSA, in Case 10. The 
definition of A~G and the  notation of activities judgment are shown in     
Fig. 2. The each value in ‘‘Leaving hospital’’ are compared with ‘‘In          
hospital’’. The each value in ‘‘After 1 manth’’, ‘‘After 2 month’’, and  
‘‘After 2 month’’ are also compared with ‘‘leaving hospital’’. Their  
increase and decrease are shown as denotation of (↑) and (↓). Especially  
in F, the falls of the walking speed of 30% or more are shown as (↓).
Case 10
In hospital Leaving hospital After 1 month After 2 months After 3 months
A (%) 48.2 20.8 ＜↓＞ 18.1 (↓) 5.7 (↓) 25.7 (↑)
B (time) 254 147 ＜↓＞ 265 (↑) 518 (↑) 157 (→)
C (steps) 1612 978 ＜↓＞ 978 (→） 344 (↓) 1346 (↑)
D (time) 18 10 ＜↓＞ 13 (↑) 4 (↓) 15 (↑)
E (m) 239.06 71.97 ＜↓＞ 109.65 (↑) 15.39 (↓) 146.64 (↑)
F (m/s) 0.5±0.25 0.41±0.25 0.42±0.3 0.34±0.25 0.36±0.19
G (score) 8 28 ＜↑＞ 30 (→) 28 (→) 30 (→)



















Table. 3-13 Results of evaluation for physical activities obtained from the wearable    
system and the score of Life-Space Assessment, LSA, in Case 11. The 
definition of A~G and the  notation of activities judgment are shown in     
Fig. 2. The each value in ‘‘Leaving hospital’’ are compared with ‘‘In          
hospital’’. The each value in ‘‘After 1 manth’’, ‘‘After 2 month’’, and  
‘‘After 2 month’’ are also compared with ‘‘leaving hospital’’. Their  
increase and decrease are shown as denotation of (↑) and (↓). Especially  
in F, the falls of the walking speed of 30% or more are shown as (↓).
Case 11
In hospital Leaving hospital After 1 month After 2 months After 3 months
A (%) 47 48.7 ＜→＞ 57 (↑) 13.3 (↓) 32 (↓)
B (time) 204 237 ＜↑＞ 183 (↓) 169 (↓) 144 (↓)
C (steps) 1084 1448 ＜↑＞ 3048 (↑) 630 (↓) 2468 (↑)
D (time) 31 29 ＜→＞ 19 (↓) 12 (↓) 18 (↓)
E (m) 157.3 147.93 ＜→＞ 407.6 (↑) 29.04 (↓) 464.5 (↑)
F (m/s) 0.39±0.19 0.31±0.2 0.46±0.2 0.2±0.2 ( ↓) 0.59±0.25
G (score) 16 28 ＜↑＞ 25 (↓) 34 (↑) 34 (↑)



















Table. 3-14 Results of evaluation for physical activities obtained from the wearable    
system and the score of Life-Space Assessment, LSA, in Case 12. The 
definition of A~G and the  notation of activities judgment are shown in     
Fig. 2. The each value in ‘‘Leaving hospital’’ are compared with ‘‘In          
hospital’’. The each value in ‘‘After 1 manth’’, ‘‘After 2 month’’, and  
‘‘After 2 month’’ are also compared with ‘‘leaving hospital’’. Their  
increase and decrease are shown as denotation of (↑) and (↓). Especially  
in F, the falls of the walking speed of 30% or more are shown as (↓).
Case 12
In hospital Leaving hospital After 1 month After 2 months After 3 months
A (%) 22.9 8.4 ＜↓＞ 19.4 (↑) 64.6 (↑) 15 (↑)
B (time) 291 159 ＜↓＞ 166 (→) 261 (↑) 213 (↑)
C (steps) 1372 122 ＜↓＞ 528 (↑) 818 (↑) 578 (↑)
D (time) 8 1 ＜↓＞ 6 (↑) 5 (↑) 11 (↑)
E (m) 137.37 9.45 ＜↓＞ 56.13 (↑) 37.57 (↑) 50.26 (↑)
F (m/s) 0.37±0.17 0.35±0.26 0.29±0.17 0.31±0.22 0.35±0.21
G (score) 12 12 ＜→＞ 14 (↑) 16 (↑) 19 (↑)



















Table. 3-15 Results of evaluation for physical activities obtained from the wearable    
system and the score of Life-Space Assessment, LSA, in Case 13. The 
definition of A~G and the  notation of activities judgment are shown in     
Fig. 2. The each value in ‘‘Leaving hospital’’ are compared with ‘‘In          
hospital’’. The each value in ‘‘After 1 manth’’, ‘‘After 2 month’’, and  
‘‘After 2 month’’ are also compared with ‘‘leaving hospital’’. Their  
increase and decrease are shown as denotation of (↑) and (↓). Especially  
in F, the falls of the walking speed of 30% or more are shown as (↓).
Case 13
In hospital Leaving hospital After 1 month After 2 months After 3 months
A (%) 47.2 7.1 ＜↓＞ 0 (↓) 13.8 (↑) 20.8 (↑)
B (time) 293 491 ＜↑＞ 161 (↓) 332 (↓) 345 (↓)
C (steps) 1990 94 ＜↓＞ 0 (↓) 58 (↓) 108 (↑)
D (time) 16 2 ＜↓＞ 10 (↑) 41 (↑) 6 (↑)
E (m) 304.45 5.84 ＜↓＞ 33.29 (↑) 43.13 (↑) 9.6 (↑)
F (m/s) 0.37±0.19 0.25±0.16 ＜↓＞ － 0.11±0.17 (↓) 0.2±0.09
G (score) 0 10 ＜↑＞ 12 (↑) 20 (↑) 12 (↑)



















３‐４‐３ Life-Space Assessment との比較検証結果 













 一方，退院 2 ヶ月後において有意な相関関係が認められたのは，歩数と歩行中の

















Table. 3-16 Results of significant differences between the analysis values obtained 
from the wearable system and LSA scores in 12 subjects. The correlation                
coefficient are also shown in each value.
A: Ratio of standing and walking (%) 0.09 0.79** 0.20 0.26 0.74**
B: Frequency of posture change (time) - 0.07 0.17 0.70* 0.23 0.22
C: Steps (steps) - 0.02 0.70* 0.77** 0.59* 0.86**
D: Frequency of gait (time) 0.52 0.64* 0.60* 0.36 0.37
E: Movement distance of  lower limbs of a paralyzed side (m) - 0.01 0.69* 0.77** 0.65* 0.48
F: Average walking speed (m/s) 0.18 0.77** 0.77** 0.50 0.90**
** p<0.01 * p<0.05 (n=12)
The index of physical activity computed























































































































次に Case 6については，退院直後に LSA評価で若干の活動範囲の拡大が確認さ
れたが，一方で本システムによる評価では，身体活動及び歩行状態は低下している






























認することができた．例えば，Fig. 3-25及び Table.3-11 に示した Case 9のように歩
行状態への注意の必要性が出てきたこと，あるいは Fig. 3-18及び Table.3-4 に示し
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